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As part of a U.S. Geological Survey project to reassess oil and gas potential for northern Alaska, we 
are applying gravity and magnetic analysis to the understanding of basement character in the 
National Petroleum Reserve in Alaska (NPRA).  An interpretation of the basement geology is 
important to developing and evaluating oil and gas plays for deeper parts of the basin.  As used here, 
basement is the portion of the crust bounded at the top by the seismic basement interface and at the 
bottom by the Moho.  

We modeled and removed the expected gravity effect of basin-filling rocks using depth and velocity 
constraints from seismic interpretation and some density information from drill core measurements.  
The resultant basement gravity anomaly map shows that basement density increases to the south.   

Analysis of the broad, very high-amplitude magnetic anomalies of the North Slope deep magnetic 
high show that much of southern and southeastern NPRA is underlain by strongly magnetic 
basement.  Unreasonably high predicted basement susceptibilities indicate that portions of these 
broad magnetic highs arise from magnetic source rocks that must be present above basement within 
the Ellesmerian portion of the basin.

Basement thickness estimates indicate a thinned zone where the basement is dense and strongly 
magnetic.

From north to south the total thickness of the basement portion of the crust decreases from 
32 km to 26 km, a 20% decrease.  This zone of thinning roughly coincides with a predicted 
increase in basement density from analysis of gravity data and a transition from weakly to 
strongly magnetized rocks.  The thinned, dense, and strongly magnetic basement may 
indicate a region that has undergone more than 20% extension and experienced extensive 
mafic magmatism.  Because the denser and more magnetic rocks spatially overlap the 
thickest Ellesmerian sections and because some magnetic source bodies must be locally 
present within the Ellesmerian section, the postulated mafic magmatism is at least in part 
contemporaneous with Ellesmerian deposition.  Possible outcrop analogs for this mafic 
magnatism are exposed in the Noatak region of the western Brooks Range (Saltus and 
others, 2001).  

Gryc, George, 1985, The National Petroleum Reserve in Alaska - Earth-Science 
Considerations: U.S. Geological Survey Professional Paper 1240-C, 94 pp.

Gryc, George (ed.), 1988, Geology and Exploration of the National Petroleum Reserve in 
Alaska, 1974 to 1982: U.S. Geological Survey Professional Paper 1399, 940 pp.

Saltus, R.W., Hudson, T.L., Karl, S.M., and Morin, R.L., 2001, Rooted Brooks Range 
ophiolite: Implications for Cordilleran terranes: Geology, v. 29, n. 12, p. 1151-1154. 

250 0

km
*Clarke 1866 / *alintak

Alaska location map

ALASKA
CANADA

ARCTIC OCEAN

GULF OF ALASKA

BERING
SEA

NPRA

50000 0

meter
NAD27 

NPRA, Alaska

Location Map

Seismic grid, selected wells

0

100

200

300

400

500

600

700

800

900

1100
1300

Topography
m

24
00

00
0

2400000

-320000 -240000 -160000 -80000 0 80000

69
°

70
°

71
°

69°
70°

71°

-162° -159° -156° -153°

-162° -159° -156° -153°

Atig
aru

Avak

Dre
w Pt

E Tesh

Iko Bay

Ikpikpuk

JW
 D

alto
n

Kuyanak

Peard

Sim
pso

n

S Barro
w

S M
eade

S Sim
pso

n

Topagoru
k

Tulageak

W
T Fora

n

W
alakpa

W
 D

ease

Awuna

E O
um

alik

E Topag

Fish
 Crk

Gra
ndsta

nd

Gubik

In
ig

ok
Kaolak

Knife
blade

Kolu
kta

k

Kugara

Lisb
urn

e

M
eade

N In
ig

ok

N Kalik
pik

Oum
alik

Sentin
el

Skull C
lf

S H
arri

so
n

Square
 Lk

Tita
lu

k

Tunalik

Um
iat

W
olf C

rk

NPRA boundary

Legend

NPRA
boundary

Seismic
lines

Well

20
80

00
0

21
60

00
0

22
40

00
0

23
20

00
0

2080000
2160000

2240000
2320000

-320000 -240000 -160000 -80000 0 80000

68
°

.. . . . .
. . . ... .

. ..

.
.
..

.. . . .

..

. .

NPRA STRATIGRAPHY

Seabee Fm., Shale Wall Mbr.

pebble shale unit

Simpson Ss.*

Alpine Ss.*

Kemik-type or 
Kuparuk "C" Ss.*

Nuiqsut Ss.*
Nechelik Ss.*

Barrow Ss.*
Sag River Ss.

LITHOLOGY
SW NE

Gubik Fm.Ma
2

50

65

96

144

208

JURASSIC

CRETACEOUS

CENOZOIC

Kingak

Shale

Shublik Fm.

Tunalik Ss.

Torok Fm.

Nanushuk Gp.

Colville Gp.

HRZ (Hue Sh.)

Ivishak Ss.

Kekiktuk Cgl.

245

MISSISSIPPIAN

PENNSYLVANIAN

PERMIAN

TRIASSIC

Endicott

Group

Lisburne
Group

Sadlerochit
Group

Shallow 
marine deposits

Nonmarine 
deposits

Hiatus or
erosion

Marine shale,
+ turbidites

Condensed
marine shale

Metasedimentary
rocks

Limestone
and dolomite

Granite

*   Local usage

PRE-
MISSISSIPPIAN

–

286

320

360

EL
LE

SM
ER

IA
N

 S
EQ

U
EN

C
E

FR
A

N
K

LI
N

IA
N

 
SE

Q
U

EN
C

E
B

EA
U

FO
RT

IA
N

 S
EQ

U
EN

C
E

B
RO

O
K

IA
N

 S
EQ

U
EN

C
E

BY KEN BIRD, USGS

50000 0

meter
NAD27 

Basement Geology Interpretation

NPRA, Alaska

20
80

00
0

21
60

00
0

22
40

00
0

23
20

00
0

24
00

00
0

2080000
2160000

2240000
2320000

2400000

-320000 -240000 -160000 -80000 0 80000

-320000 -240000 -160000 -80000 0 80000

68
°

69
°

70
°

71
°

69°
70°

71°

-162° -159° -156° -153°

-162° -159° -156° -153°

30 km

30 km

25

25 km

25

Borehole

Thick sialic
basement

Thinned
basement

Thin mafic-rich
basement

Geologic interpretation

Basement thickness
contour, 1 km interval

Seismic grid

NPRA boundary

50000 0

metre
NAD27 / *akgeode

Basement Magnetization Model

5.0
5.5
6.0
6.5
7.0
7.5
8.5

11.0

Magnetization
A/m

-2.0
-1.0
0.0
1.0
2.0
3.0
4.0

Magnetization
A/m

20
80

00
0

21
60

00
0

22
40

00
0

23
20

00
0

24
00

00
0

2080000
2160000

2240000
2320000

2400000

-320000 -240000 -160000 -80000 0 80000

-320000 -240000 -160000 -80000 0 80000

68
°

69
°

70
°

71
°

69°
70°

71°

-162° -159° -156° -153°

-162° -159° -156° -153°

NPRA boundary (red line)
Seismic grid (gray lines), selected wells

weakly
magnetic
basement

strongly
magnetic
basement

probable
deep
basin
sources

weakly 
magneti

c

basem
ent

strongly magnetic
basement

probable
deep basin

magnetic sources

seismic borehole gravity seismic magnetic topography seismic

3D
gravity modeling

3D
inversion for 

physical properties
3D

isostatic modeling

interpretation interpretation

integration and
interpretation

difference

Basement
Gravity 

Map

Basement
Gravity 
Domains

Basement
Geology

Map

Basement
Magnetic
Domains

Basement
Thickness

Map

Basement
Magnetization

Map

Crustal
Thickness

Map

Seismic
Basement
Surface

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

Gravity
mGal

50000 0

NA D27

Inferred B as ement G ravity Anomaly

20
80

00
0

21
60

00
0

22
4

00
00

2
32

00
00

2
40

00
00

20
80000

21
60000

224
00

00
2

320000
240

0000

-320000 -240000 -160000 -80000 0 80000

-320000 -240000 -160000 -80000 0 80000

68
°

69
°

70
°

71
°

69°
70°

71
°

-162° -159° -156° -153°

-162° -159° -156° -153°

meter

NPRA boundary (red line), Seismic lines (gray lines)
Selected wells (   )

DENSE BASEMENT

NORMAL BASEMENT

INDETERMINATE BASEMENT

TESHEKPUK 
GRANITE

THRUST REGION
(south of dashed line:
seismic interpretations 
less reliable - gravity model
likewise less certain)

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION

CLICK HERE
FOR MORE

INFORMATION



Open-File Report 01-0476, Supplementary Text 

1 

Basement Geophysical Interpretation of the National Petroleum Reserve Alaska (NPRA), 
Northern Alaska – supplementary text 
 
By R.W. Saltus, T.L. Hudson, and J.D. Phillips 
 
Open-File Report 01-0476 
2001 
 
TEXT TO ACCOMPANY BOXES ON POSTER PANEL 1 – Part I, Overview 
 
Project flowchart 
 
This box contains a pictorial representation of geophysical modeling and interpretation 
done for this project.  The colored rectangles represent things: data and maps.  The pink 
ovals represent processes: modeling and interpretation.  The rectangles are color coded 
by data type: seismic information is orange, borehole data is yellow, gravity is light 
green, magnetics is magenta, and topography is blue-green.  The first column depicts the 
three-dimensional gravity modeling described in more detail on poster panel 2.  The 
second column depicts the three-dimensional magnetic interpretation that is described on 
poster panel 3.  The third column depicts the construction of the basement thickness map 
on poster panel 2.  Each of the three columns culminates in an intermediate product (the 
maps of basement gravity domains, basement magnetic domains, and basement 
thickness) that is then integrated into the geological interpretation map. 
 
Gravity domains 
 
This map shows interpreted basement gravity values and three general gravity domains in 
NPRA.  The basement gravity values are the result of subtracting the predicted 
sedimentary basin gravity effect from the isostatic residual gravity anomaly as described 
on poster panel 2.  The northern domain encompasses a region with low to neutral gravity 
values – this is a region of normal, sialic density.  The region labeled “dense basement” is 
a domain with high regional density – possibly indicating the presence of much more 
mafic material than in the northern region.  A third domain, labeled “indeterminate 
basement”, in the southern portion of the map, appears to have intermediate gravity 
values relative to the other two domains, but we consider this domain to be poorly 
resolved due to uncertainties in seismic interpretations beneath the overthrusted region. 
 
Magnetic domains  
 
This map shows interpreted basement magnetic domains that result from the 
interpretation described on poster panel 3.  For the most part, the predicted 
magnetizations of basement rocks are reasonable and sufficient to explain the observed 
magnetic anomalies.  However, in some regions (shown in blue colors on the map), the 
predicted basement magnetization values are large relative to the typical range of crustal 
magnetization values.  In these regions we postulate instead that rocks with somewhat 
lower intensity magnetization occur above basement within the deeper parts of the 
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overlying sedimentary basin.  We postulate that these intra-basin sources are mafic rocks 
that may be related to magnetic sources in the basement beneath those locations.    
 
3D Basement Gravity on Seismic Basement Surface 
 
This figure is a perspective view of the basement gravity anomaly (colors) draped on the 
topographic relief of the seismically determined basement surface.  The view is from the 
southwest.  Note the correlation between depth to basement and basement gravity: the 
lowest basement gravity anomaly values occur in the northern part of the map where 
basement is relatively shallow whereas the basement gravity highs occur where basement 
is deeper in the south and southeast portions of the area.   
 
3D Basement Magnetization on Seismic Basement Surface 
 
This figure is a perspective view of the inferred basement magnetization (colors) draped 
on the topographic relief of the seismically determined basement surface.  The view is 
from the southwest.  Note the correlation between the regions of highest inferred 
magnetization and the deepest portions of the basin. 
 
Geologic interpretation map 
 
This map summarizes our preliminary geological interpretation based on the geophysical 
modeling and analysis.  The yellow, peach, and salmon colored regions indicate three 
basement domains.  The black contour lines show basement thickness.  The northern 
domain is a region of low-to-neutral basement gravity, shallow depth-to-basement, thick 
basement, and low-to-moderate inferred basement magnetization.  The central domain is 
a region of high basement gravity, greater depth-to-basement, thinned basement, and 
moderate basement magnetization (including regions where we postulate magnetic 
sources that are shallower than basement).  The southern domain is a region of 
indeterminate basement gravity (because of uncertainties in seismic interpretation), 
greatest depth-to-basement, thinnest basement, and high basement magnetization. 
 
Conclusions/References – Poster panel 1 
 
The poster text emphasizes our preferred hypothesis for the interpretation of the 
geophysical anomalies, but other geological interpretations are possible.  For example, 
the observed geophysical variations in the basement could reflect pre-Ellesmerian 
basement elements.  However, we are struck by the spatial overlap of dense and magnetic 
basement with area of thickest Ellesmerian deposition (Bird, 1988) and increased 
basement normal faulting (based on the Tetra Tech seismic mapping).  These 
relationships combined with the need for some of the magnetic source rocks to be within 
the Ellesmerian section (see poster panel III), creates strong ties between development of 
dense and magnetic basement character to at least some part of the Ellesmerian history on 
the North Slope.  Information that could help further refine basement interpretations 
includes (1) better geologic and geophysical mapping and age dating of exposed mafic 
and ultramafic rocks in northern Alaska, (2) several deep boreholes to directly sample 
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basement in the NPRA, (3) higher resolution seismic data and more detailed 3D modeling 
in the southern portion of the study area. 
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